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ABSTRACT

Magnstic separation of uranium to achlieve high purity
U 234 is described. Innovations included multiple stage
operation, processing of small quarrhities of feed, ani con-
trol of the inhalation hazard from alpha-active U 23k,
Starting with ons per cent U 234% concentration, a t;ro-stage
separation program yielded 1.5 grams of uranium averaging
94 per cent U 234. This result was obtained through a
U 234-U 235 enrichment factor of 36 at a U 234 process

efficiency of 9 per cent.
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INTRODUCTION

As 1t occurs in nature, uranium exists as isotopes U 238, U 235,
and U 234 with relative abundances s decay rates, and radiation energies

tabulated below.*

Isotops Abundance (%) Half-life (yrs) Rediation (Mev)
U 234 (urz) 0.0058 . 2.35-2.67 x 107 a (4.76) |
U 235 (AcU) 0.711 7.07-8.8 x 108 a (4.56)

U 238 (UI) 99.28 1.50 x 107 o (4.18) '

For the purpose of achieving the physical isolation of U 235, the basic
fuel element for atomic weapons, the mass-spectrographic method was de-
veloped for separating out the more abundant isotope, U 238 s Trom the
U 235. The third isotope, U 23%, was neglected.

"~The magnetic separation to achieve high purity U 23% had a two-fold
obJective. First was the need to explore the potentialities of the mass-
spectrographic method for processing limited quantities of rare isotopes
in the heavy mass range. Assoclated with the U 234-U 235 separation
was the determination of enhancement, production rate, and process efficlency
factors vwhich are helpful in predicting performance for other programs of
a similar nature. Second, there was a specific requirement for U 234 in
an enriched form for various research purposes. Up to this time, highly
purified U 234 ha.d..not been produced by any process. Interest in enriched
U 234 was partly due to the need for uranium isotopic standards for cali-

brating mass spectromsters. A request for top purity U 23% for cyclotron

¥ Nuclear Data, National Bure uregn ;of S‘f:a.nd.a.rds Cirgular b,99, p. 266,
Q}* .
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bombardment was outstending. Also, availaebility of the pure isotope
would simplify and refine measurements of U 234 half-life, alpha particle
ensrgy, spontaneous fission and other nuclear properties.*

Four different techniques applied to the problem of improving U 23k
enrichment were tested using the mass spectrographs in the Beta Electro-
magnetic Plant. It was found that the intense uranium-ion beams which
were produced by newly developed ion sources were not sufficiently
resolved to achieve a high purity of U 234%. Efforts toward improving the
quality of reso}.ution by limiting collection to well-focused ions were
gsuccessful but necessarily reduced the utilized U+ beam appreciably.

From preliminary studies with natural uranium run through the sepam -
tors, it appeared that two separation stages comnected in series would be
more practical than attempting higher enhancements in a single stage at a
gevere cost to yileld. It was anticipated that first stage processing
would produce many grams of U 234 enriched to an intermediate level. Sub-
sequently, second-stage separation of first stage produce was expected to
isolate highly concentrated U 234 in gram quantities.

Very careful and precise adjustment of the mass-spectrographs was
required to maximize U 234 enrichment relative to each of the other iso-
topes. This was possible through collector design, adjustment of resaonance
voltage controls, and operation techniques. The fourth method for improving
the quality of separated U 234 was to recover selectively the material cal-
lected in the U 23% pocket. In this mannmer, it was possible to segregate

material varying in U 234 concentration by several per cent.

TR 2 I A
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* A number of shipments of.f }'?;ifiched U 234 have been made, see Appendix A.
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PRECEDING MAGNETIC SEPARATIONS OF URANTUM ISOTOFES

Uranium isotopic enrichment was first obtained by A. O. Nier in 191&0.*
The Nier spectrometer was a T-inch radlus, gemi~-circular instrument of tis
type used to measure relative abundence of isotopes. For 21 hours of
operation with UBr) feed, metered U 238 current averaged 3 x 10-6 milli-
amperes. This corresponded to separate deposits of 1/2 microgram of
enriched U 238 and 1/140 of this amount of enriched U 235. Based on
resolution data, the natural uranium was enhanced 35 so that 20% U 235
purity was expected. U 234 could not be résolved. from U 235 during this

separation.

Previous U 234 Separation

Experimental production of U 234 in a modified Beta-size spectrograph
was Pirst tried by C. R. McKinney at Y-12 in 1946 - A total of 3.9
milligrams of the U 234 isotope was calculated to have been collected in
4 runs using 0.8% U 234 feed. The Beta machine had been revised to obtain
the desired focus with an ion beam only 3° wide. The selected beam yielded
U 238 currents of the order of one milliampere. Collector slots were one-
half mass unit wide and the pockets were formed by stacking thin sheets of
bent carbon. There was no determination of the isotopic abundance of the
uranium extracted. The small amount recovered as product was insufflcient

for mass spectrometric mesasurement.

*  Nier, A. O., et al., Phys Rev 57, 546 (19ho) "Nuclear Fission of
Separated Uranium Isotopes. m

** McKinney, C. R., The Production of U 234 by a Modified Calutron,
D-4.250-30, May 19k46.
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Beta Mass Spectrograph, 1947

Mass spectrographs in the Beta Plant, used to separate the more
gbundant U 238 from the desired U 235, were of the 24-inch radius, semi-
circular type, Figure l. By 1947, ion currents of 110 ma of Ut were
established for each arc of the two-arc source unit. This corresponded
to a deposit of one gram uranium per hour per arc, since practically all
motered ions were retained. At prevailing feed vaporization rates of
four grams uranium per hour per arc, process conversion efficiency of
feed to separated igotopes was 25 per cent.

Resolution effected by the Beta magnetic lsotope separator v&s
such that two per cent of the U 238 ions present at the collector face
crossed over to the U 235 product pocket, whereas one per cent of U 235
ione cross-contaminated the enriched U 238 material. This performance
may be expressed in terms of three mass-unit enhancement as 100 for
U 238:T 235 and 50 for U 235:U 238. Greater enrichment for U 238 con-
centrate than for U 235 product is attributed to several factors. The
heavier U 238 ions travel a larger radial path and Ut ions tend to
lose kinetic energy by suffering collisions along their trajectory.
Another advantage to U 238 enrichment accrues from monitoring both ion
beams at their respective collector slots by maximizing U 238 ion current.

Difficulty in effecting complete isotopic separation arises from
intense UT beams emitted by the ion source with an angular divergence
of + 12 degrees from the horizontal. Resolution between U 235 and U 238
isotopes for the 24-degree ilon beam is aided considerably by use of

magnetic shims along the ion path. However, the quality of resolution
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remalns strongly dependent on the angular spread of divergent ion beams
tMtted to the collector.

Collection of U 234 ions was not attempted on a production basis in
the Beta Plant, since large gains could not be achieved with the small
U 234 concentrations present in the feed. Also, about 70 per cent of
separable U 234 ions were already trapped in U 235 product, due to the

Inappreciable one-unit-of-mass enrichment factor.

Summery

The mass spectrographs in the Beta Plant achieved U 234:U 235
enhancements of only 1.4, although the machine was potentially able
to effect much better separation. The above performance was insufficient
by a factor of 10 to 20 for obtaining high purity U 234. Experience
with extremsly narrow beams in Beta had not demonstrated adequate enrich-
ment for cleanly separating U 234. Furthermore, by this method yields
were curtailed to one milligrem of wranium per run, whereas hundreds of

milligrems were desired.
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MASS SPECTROGRAPH FOR U 234 ENRICHMENT

The Beta mass spectrograph was adaptable to purification of uranium
isotope U 234 through modification of geometry and use of refined operational
mathods .* Proposed changes in the separators, designed to increase enrich-
ment, were Initially tested on a small scale with natural uranium feed.
Detailed adjustments of ion source geometry were required and performahce
parameters were measured to insure achlevement of the desired result. Suffi-
cient resolution of U 234 from U 235 required the stripping of about one-half
of the Ut beam produced by the U 235-U 238 separator. The indicated enhance-
ment of U 234 with respect to U 235 was increased appreciably. Operational
factors which tended to increase the width of focus, particularly on the low-
energy slde of the focal centerline, were reduced. An extremely stable and
controllable arc was sought in order to avold intermittent contamination of
enriched U 234. Frequent observation of U* foci at the collector slots
assisted in optimizing the focal width. The sensitivity of electrical con-
trols was increased and the decline in U 234 purity due to high voltage

sparking was minimized.

Ton Source

The ion source used in the U 234 program was similar in design and
operation to the U 235-U 238 apparatus, Figure 2, except for detalls
intended to emphasize emrichment. U' ions are formed in the source by
sending 100 milliamperes of 150 volt electrons from & hot, 0.170" tantalum
curved filament through a hollow graphite box containing UCly vapor. Elec-

trons emitted by the filament are collimated by the magnetic field and pass

¥ Hempnill, L. F. and Mitchel, G. W., (Eds.), The Electromagnetic Plant -
1949, Vol. II, "Established Operational Msthodis and Equipment,” Y-A0O-504.
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SECREP 13

through a defining slot curved to 3/8" radius, 0.078" wide and of 3/4"
depth. At the end of the chamber opposite the filament, & gimilar
defining slot 1s backed by an insulated graphite plate. This plate
reflects electrons back into the ionizing region thereby improving
efficiency.

Solid uranium compound is heated in the source unit to approximately
h50° C in order to ‘obtain sultable vapor pressures (~ 10 microns) to
sustain an arc. The positive ions formed in the arc are drawn tﬁrough
e slit 7/16" x 6 13/16" and enter an accelerating region bounded by
37,000 volts positive at the ion exit and 38,000 volts negative at the
accelerating electrode. The,U*'charges are therefore accelerated by a
75,000 volt potential in passing the 1/2" gap from the ionlzing region
to the accelerating slit of 5/8" aperture. Overall acceleration is,
however, restricted to 37,000 volts by considerations which are deter-
mined by magnetic field and beam radius specifications of about 7000
oersteds and 24 inches respectively. Therefore, a decelerating carbon-
slit electrode of 1 1/8" aperture at ground potential is positioned 1/2"
away from the adjacent accelsrating slit. Both the ion exit slit and the
accelerating electrode designs have l5° bevels in the accelerating region.

The source unit electrode geometry described above is identical for
both stages of the U 234 program. However, the severe feed limitations
of the second stage induced two modifications in source design. A single
arc replaced the conventional twin arc of the first stage unit and a

vapor valve mechanism was inserted as a2 fine control on UCly vapor flow
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Collector

The useful features of Beta collectors for U 235-U 238 separation were
extended to the production of high purity U 234, The all-carbon collector
pockets, the monitoring devices and metal partis were incorporated in the
U 234 program. However, U 234 collector design presented several new
problems. First was the proper choice of ion entry slot width consistent
with desired production rate and purity. Second was the design of durable
slot boundaries, particularly between U 234 and U 235 ion foci.

The radius of curvature of the ion path fixes thg distance between
igotopic foci U 234 and U 285 at 0.l inch, ass%ming gn?initely thin focal
widthe. Due to space limitabﬁ?ns, the %ecision was HMade to collect in both
stages of the program only U 238 and U 23k ion beams. Since no U 235 slot
was present in the collector, incident U 235 ions impinged on the carbon
defining edge situated between the slots. The high kinetic energy of the
U 235 ions caused appreciable wear, mainly 1/16" above the upper boundary of
the U 234 slot. Continuing erosion of this member beyond 30 hours of separa-
tion destroys the barrier between the U 235 beam and the U 234 pocket. In
the first stage collector, a removable carbon target was located at the U 235
beam focus to absorb U 235 bombardment during the initial half of the runm,
Figure 3. A mechanism was provided for moving the U 234 pocket assembly
forward, thereby rejecting the removable Fectiono In this manner the U 234
slot boundary wae renewed. Due to the limited amount of feed available the
second stage collector pfesented no durability problem.

The general problem of inter-relation of first and second stage U 23k
gnhancement relative to both U 235 and U 238 is considered in detail in

Appendix B. If the accepted criterion is maximum U 234 purity from the
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—— 2 16
combined stages, then U 234:U 235 enhancement performance is the limiting
factor. Both U 23% production and U 234 concentration of product enter into
offective operation of the first stage whereas quality demands in the second
stage are of paramount importance. It is possible through readily made col-
lector slot changes to adjust output concentration inversely with volums.

U 234 Collector Geometry

First Stage Second Stage

U 238 Slot 0.100" - 0.080"

Defining Edge 0.350" 0.363"
s

U 234 Slot 0.060" 0.050"

Angular Baffling

In the 1800 Beta mass spectrograph, Ué'}ons emorge from the source slit
with an angular range of j;15° deviation about a plane normal to the slit,
Ton orbits form an envelope of approximately uniform demsity about the zero
degree ion path but tend to taper off beyond ;!;100° The widest section of
the ion beam is at 90° where the width per degree is 7/16". The outermost
ions of the envelope at this section issue from the source with large angular
divergence. Despite magnetic shims, these particles broaden the image on
the collector out of proportion to their respective intensity. To improve
resolution, the ions of greater divergence were baffled out at the 90° point.
A 12° angle beam'(+7°, -50) was selected as the most suitable geomstry for
the first stage separations. For the second stage of the program, the
utilized ion beam was restricted to 8o (+5°, -3°)° In addition, non-uniform
baffle apertures were employed to screen out & segment of defocused ioms in

order to equalize focal widthe along the 9" length of the collector slot.
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17

U 234 PROGRAM - FIRST STAGE

This first stage was characterized by experimentation with U 234
collector slot width and angular baffle openings., Detailed changes
in separator geometry were employed to determine various Process per-
formance combinations of quality and quantity . It was early discovered
that although the relative feed concentratiog of U238 to U 235 was
2.5 to 1, relative U 234 enhancements were of the order of 10 to 1 at
& process efficiency of 10 ber cent. The exclusion of low level

increments from U 234 product assumes greater importance in this case,
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Uranium Feed - First Stage

Beta recycle residue from the series operation of the Gaseous Diffusion
Plant (K-25) and the Beta installation was used as the starting feed for the
first stage Aof the U 234 program. Recycle uranium in Beta is the scattered ’
unresolved portion of vaporized feed which is recovered at the end of each
run, and subsequently recanverted to UClh. Both K~25 and Y-12 had contri-
buted toward U 234 enhancement in the Beta recycle. An adequate supply of
accumulated Beta recycle was made available as feed for the U 234 program.

Enrichments resulting from both K-25 and Beta recycle operations in
series are tabulated below. The U 235 component of K-25 product was enhanced
60 times while the assoclated U 234 component was enhanced 80-fold. The
diffusion process does not attempt to strip the lighter constituent from
enriched U 235. As a result, the level of U 234 was raised from 0.006% to
0.33% and, in addition, the ratio of 234:235 was increased one-third above

the natural abundance ratio.

Enhancement Factor for U 23k Concentration (%)
isotope X-25 Beta Total Natural K-25 Product Beta Residue
U 238 80 4 320 99.28 69.7 T0 .4
U 235 1.33 . 4.3 6 0.711 30.0 28.3
U 234 ———— ——— -—- 0.0058 0.33 1.34

Beta separations of U 235 from U 238 did not attempt U 23% collection.
The continued rejection of U 234 ions resulted in an increase in U 234 con-
centration in the Beta recycle material. This was particularly true during
the 1946-47 period when K-25 production was no longer blended with the Beta

feed bank.
The feed bank for the first stage U 234 program consisted of 4000 grams

of uranium. Combined operations of K-25 and Beta recycling had raised the

U 234 concentration to 1.34% and. increa.sed the ratio of 234:235 by a factor

ne
of six. Eg
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Uranium Throughput - First Stage

Uranium throughput for the first stage U 234 program amounted to 5600
grams of metal containing 75 grams of the desired isotope. The throughput
was divided batch-wise into 1% parts. The rate of U 235 ion erosion
markedly influenced the length of the individual run although substantially
longer separations were obtained with the removable defining edge attached
to the eollector. Production time averaged 54 hours at vaporization rates

of 3.7 grams uranium per hour per arc.

Separation Throughput Mass'Analysis

Period Uranium Vaporized U 234 U 235 U 238

Run (hrs) (gms) (gms/hr/arc) (%) (azms) (%) (%)
1l 42 431 5.1 1.37 5.90 28.09 T70.54
2 30 239 4.0 1.0 3.35 28.02 70.58
3 b3 356 b1 R To) 4.98 28.50 70.10
I 59 Lok 3.9 1.38 6.40 28.22 70 .40
5 57 W76 h,2 1.35 .6.43 29.30 69.35
6 51 271 2.7 1.38 3.Th 28.80 69.82
T 62 ko1 ko0 1.39 6.82 28.93 69.68
8 56 4ol 3.6 1.37 5.49 28.49 T0 .1k
9 64 bh7 3.5 1.17 5.23 26 .62 T2.21
10 68 439 3.2 1.30 5.71 27.85 70.85
11 57 416 3.6 1.34 557 28 .20 70 .46
12 60 hi7 3.5 1.34 5.59 28 .60 70 .06
13 57 b7 3.9 1.34 5.99 29.01 69.65
14 56 342 3.0 1.2h o4 26 .58 T72.18

Total

or Avg. 762 5637 3.7 1.3+ T5.5% 28.25  T0.41

Washing of unresolved uranium deposits from the surfaces of the q'ass
spectrographs followed each separation run. The wash solution was thén
filtered, evaporated and adjusted for acidity prior to diethyl-ether extrac-
tion of the uranium. Conversion of the extracted material to the ﬁetra-
chloride was made by a reaction at 120° for several hours with hexachloro-

Propene ag & chlorination reagent.
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Uranium Production - First Stage

The 14 separation rums comprising the first stage U 234 rogram yielded
a total of 18.5 grams of uranium assaying Lo% U 234 and 48% U 235,

A survey of first stage production on a run basis reveals a strong
inverse dependence between output and purity. AdJjustments in separator
geometry, such as U 234 collector slot width and angular baffls aperture )

are mainly responsible for fluctuations in productivity and U 234 abundance.

Product Mass Analysis
Uranium T 234 U2 U2

Run {grams) @7 (grams/ Zﬁ Iﬁ

1 0.799 41 .68 0.333 46.18 12.1%

2 0.717 43,81 0.31%4 39.08 17.11

3 1.319 39.20 0.517 k5,56 15.24

4 1.270 k2.35 0.538 42.83 14 .82

5 1.450 ho 77 0.620 45 .62 11.61

6 0.466 46 .57 0.217 o.99 12.45

T 1.570 37.54 0.589 50 .35 1l2.11

8 2.1%0 34,71 0.743 53.06 12,23 -1

9 1.270 46 .04 0.585 bo.11 13.85 S
10 1.580 ko 56 0.641 45.07 14,37 -
11 1.760 32.82 0.578 54 .90 12.28
12 2.080 35.71 0.743 53.33 10.9%
13 0.971 hy o4 0.430 4k .59 11.17
14 1.110 k2,79 0.475 by Lk 12.77
Total,
High Level 18,502 39.58 T.323 47,54 12.88
Total,
Low Level 3.189 20.20 0.646 53.28 26.52

From past experience with collector processing, it was expected that
uranium deposits on the carbon surfaces of the U 234 collector pocket would
not be uniformly enriched. Surfaces ad jacent to the slot opening are subject
to greater cross-contamination. Also » enriched U 234 material which is not

confined to the U 234 pocket during recovery operations tends to decrease in

isotopic purity. In the process of extracting product level materisal s an
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manner, 3.2 grams of 20% U 234 material was obtained from the same 1
runs vhich produced 18.5 grams of 0% U 234, ses Appendix C.

Practically all intermediate level U 23% concentrate was stock-
Piled in preparation for a second-stage separation. Small amounts of
52% and 464 U 234 material were withdrawn from the program to meet
anticipated requirements of research laboratories. The 20% U 234 was

I o

not included in the second-stage feed. — .

Performance Standards - First Stage

On reporting performance of U 234 separator apparatus, consideration
is given to both exclusion and inclusion of low level output. For the
case where enrichment is paramount and it is desirable to exclude low
level increments from U 234 product, U 234 process efficiency averaged
10% and U 234 enhancements relative to U 235 and U 238 are 18 and 162
respectively. If increase in U 234 production assumes greater import-
ance, even at a small cost to purity‘, then first stage process officiency
is lifted to 11% associated with enrichments of 16 and 130.

The emphasis on enhancemsnt reduced by fifty per cent the ei‘ficienci
Performance standards of which Beta equipment is capable, but mmltiplied
the critical one-unit-of-mass separation factor 12-fold. The UF ion
current averaged 70 milliamperes per arc for the two-arc ion source
over a period of 760 innage hours. Concentrated U 234 production rates
averaged 15 milljigrams uranium per hour per arc.

Enhancement standards during the first stage U 234 -separations wers
limited by production needs. Requirements of the consumer at this time

indicated, however, the desirability of one attempt at maximm U 234 purity.
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It vas possible through use of a 0.0k0" U 23% slot width and a 6° angls

beam to achieve further improvement in U 23% enrichment. This separation
yielded 215 milligrams of 52% U 234 material from s single arc. The
lesser quantity was due to & production rate of 5 mg U/hr/arc and the
higher quality was determined by one and four massg unit enhancement

factors of 30 and 207 respectively.

il Current U 234 Process Enhancemsnt
Run  (ma/arc) Efficiency (%/ U 23%4:U 235 U 23h:0 238
1 63 5.6 18.5 177
2 75 9.4 22.4 129
3 87 10.k 17.5 52
4 76 8.4 20.2 146
5 76 9.6 20.3 189
6 32 5.8 23.7 189
T 76 8.6 15.5 155
8 92 13.5 13.6 15
9 71 11.2 26.1 205
10 64 1l.2 19.3 154
11 3 10.% 12.6 141
12 81 13.3 1.3 170
13 70 7.2 21.5 206
14 59 11l.2 20 .6 195
Average 70 9.7 17.6 162
Including
Low Level Production 10.6 16.0 130
———_——SECRET. l——
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SECOND STAGE. - U 234 PROGRAM

The accepted criterion of second stage U 234 performance was
maximum U 234 enhancement. Meanwhile, preliminary tests indicated
uncertainties in separator behavior with charge weights limited to
the 18 grams of uranium of intermediate enrichment. Consideration
was given to use of purified U 238 as a "carrier" since 234:238
enhancement factors were sufficiently large. First stage enrich-
ment performance standards were doublgd in the second stage at a

slight cost to yield and a peak purity of 96% U 234 was obtained.
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Uranium Feed - Second Stage

Feed for the initial separation of the second stage was a composite of
18 grams of 39% U 234 and 18 grams of highly enriched U 238. There were two
reasons for dilution of first stage U 234 product with 99.99% U 238 material.
If U 238 feed concentration were sufficiently high for monitoring purposes s
greater freedom in design of the U 234 collector pocket would result. The
second, and more important, consideration was maximizing U 23% product
purity. The feed limited situation motivated a preliminary stu;iy of enhance-
ment versus feed weight. It was possible to evaluate potential gains in
enhancemsnt performance for various U 238 additives to first stage output.
These gains are achieved through a reduction in U 23% feed concentration.
Of the several variations in feed size tested ; the objective of maximum U 234

purity was achleved with a 36 gram composite.

Medium Mass Analysis
Concentrated U U 234 U 235 U 238
(grams) 2] zﬂi &) (ems) &7 (gmss
0.00k4 51.7 0.002 35.7 o.ooi 12:6 0.001
0.600 4.0 0.276 4.1 o0.2h1 13.9 0.083
0.79% kh.2 0.351 4h 6 0.354 11.2 0.089
1.025 42,8 0.439 Y.k 0.455 12.8 0.131
6.224 41.h  2.577 4h.3 2.757 1%.3 0.8%
1.503 4.6 0.610 k5.1 0.678 1.3 0.215
4,135 35.8 1.480 51.5 2,130 12.7 0.525
1.976 35.7 0.706 53.3 1.053 11.0 0.217
1.675 33.8 0.566 54.9 0.920 11.3 0.189
Total
or Avg. 17.936 39.1 T7.007 47.9 8.589 13.0 2.3%0
Carrier 18.000 0.0 0.000 0 .01 0.002 99.99 17.998
Composite 35.936 19.5% T.007 23.91 8.591 56.59 20.338

Blending of U 238 concentrate with partially enriched U 234 yielded a
starting material assaying 20% U 23% and 244 U 235, of which the U 234

constituent amounted to 7 grams.
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Uranium Throughput - Second Stage

Separatiow of gram quan’cinties,of high]g concentrated U 234 isotope
involved three recycles of the original 36 gram feed bbank, and a fourth
recycle purely for recovery purposes at termination of 'ch'e program,
Integrated uranium throughput for the four second-stage separations amounted
to 133 grams of metal containing 23 grams of U 234. The quantity of feed
avallable for electromagnetic reprocessing depended mainly on recovery
efficiency and to a smaller extent on enriched U 234 yields. Following the
first pass, an average of one-fifth of the U 234 feed was diverted 1'50 holdup
on equipment. U 23’-!— concentration of the Teed decreased after the initial
separation as a result of U 234 product extraction and other uranium pickup
from process equipment. Although the beginning U 234 level was 19.5%, total

throughput averaged only 17.5% U 23k4.

Separation Throughput Mass Analysis

Period Uranium Vaporized U 234 U 235 U 238

Run hrg) (gms) (gms/hr/arc) (%) (gms ) (%) (%)

1 9.0 36.0 4.0 19.50 7000'-(- 23.91 56 .59

2 9.0 31.6 3.5 18.27 5.T77 23.25 58.48

3 13.5 33.5 2.5 16.83 5.635 22,72 60.45

4 10.3 31.9 3.1 15.04 4.82 22,34 62_.62
Total

or Avg. 41.8 133.0 3.2 17.46 23.221 23.08 59,46

Production time averaged 10 hours per run at vaporization rates of 3.2
gn U/hr for the single arc ion source. Scattered Ut ions and non-ionized
uranium deposits were partially recovered by acid spraying the machines in
an enclosed stainless steel bin prior to disassembly and by scrubbing of unit
parts. The spray washing technique also reduced the considerable inhalation

hazard in handling alpha-active U 2234 in dry form.
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Uranium Production - Second Stage

The second stage U 234 program separated 1.5 grams of highly enriched
U 234 in 42 hours of mass spectrograph operation. The isotopic mixture
averaged 94% U 234 and 4.5% U 235. U 238 contamination in product was one-
third the U 235 level. The third run was not only the most productive but
also yilelded the highest purity, 96% U 234,

A comparison of U 234 output per run must consider such factors as
variable mass spectrograph performence and changes in U 234 feed weight.
The breskdown of ion source components during the initial two geparations
reduced productivity as well as purity. The final two runs produced 1 gram
of 95% U 234 under more normal conditions. Productivity was expected to de-
cline with the number of elapsed runs due to pgrtial recovery of unresolved
uranium and to enriched U 234 leaving the process. Because of the absence of

U 234 make-up, the feed bank is depleted thereby reducing potential output.

Product Isotopic Analysis
Uranium U 234 U2 U 238
R (grems) & (@s) @ @
1 0.099 89.34 0 .oSé 7.72 2.89
0.078 89.35 0 .069 T.T% 2.91
2 0.284 9k .00 0.267 b b5 1.53 ‘
0 .040 89.35 0.036 T.74 2.91
3 0.378 95,99 0.363 3.02 0.98
0.151 ok .83 0.14k 3.99 1.19
4 0.345 ok .70 0.327 L 02 1.28
0.102 92.73 0.095 5.87 1.39
Total 1.477 9k .0k 1.389 b 47 1.49
]
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Selective recovery technigues used in processing the U 234 collector
pocket made it possible to segregéte product batches varying in U 234 con-
centration. From each separation a higher purity batch was extracted in
addition to a somewhat lower level segment of smaller size. The precision
of the Y-12 Mass Spectrometer Laboratory is such that a 0.1% limit of error

is assigned to each of the isotopic measurements in the product.

Performance Standards - Second Stage

Evaluation of mass spectrograph performance is based upon process
efficiency and enhancement parameters obtained during the latter part of the
second stage U 234 program. Approximatel& 52 grams of UCl) were vaporized
in each separation run. Metered sl i;n current averaged 36 milliamperes
which is well below the 70 milliamperes established in the first stage.
Apparently there is a tendency towards lower production rate as well as re-
duced vaporization rate with gram quantities of feed. This effect is indi-
cated by U 234 process efficiencies of 10.6% and 8.9% for the first and
second stages.

Second stage enrichment requirements entered into narrowing the U 234

. collector slot width to 0.050" and baffling the U™ ion beam to 8°. Through

use of higher resolution geometry and refinement of operational methods, the
first stage 234:235 enhancement standerd of 18 was increased to 36. Likewise,
the 234:238 enhancement factor waes lifted from 160 to 300. The batch of maxi-
mum enrichment contained 380 milligrams of uranium concentrated to 96% U 23k.
Enhancement parameters assoclated with the top purity material are 43 for

2343235 and 350 for 234:238.
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Since the U 234 program required no major changes in Beta mass

spectrographs or operational techniques, one can now make estimates

for all uranium isotopic separations based on U 234 performance.

U Current U 234 Process Enhancement
Run (ma/arc) Efficiency (%/ 234:2 234:238
1 27 2.3 13.8 g2
2 25 5 o2 2.1 194
3 37 9.0 ho .2 1
by 35 8.8 31.2 293
Average 32 6.0 27.8 215

Uraniom Recovery - Second Sta.ge*

Chemical processing in the second stage was governed largely by the
limited supply of intermediate level U 23k. Following each run the un-
resolved portion of vaporized uranium was recovered as completely as possible
and reconverted to new feed. In assessing U234 recovery efficiency, attentim
is paid to recovery between runs as well as to the terminal recovery.

Between separation runs, about four-fifths of unresolved uranium was
recovered and converted to UCly. The diversion of 20% of unseparated U 234
to holdup on equipment reduced production by a proportionate amount. On com-
pletion of the isotope separation phase of the program, the recovered residue
of unresolved uranium totaled 41 grams of metal assaying 13.5% U 234 and 22%
U 235. This material is avail;e.ble for replenishing the supply of highly
enriched U 234.

A large fraction of the original 7 grams of U 234 in the feed was
processed four times in the mass spectrographs. Of the 23 grams of U 234

throughput, only 0.l gram was unrecovered. Recovery efficilency evaluated

*Case, { N., Facilities for Processing Alpha-Active Isotopes, Y-659.
Sept. 1950,
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in terms of initial feed and throughput are 98.7% ard 99.6% respectively.
Recycle recovery performance ie based on accounting for U 234 isotope.

The advantage to this method lies in the high degree of U 234 impoverish-

ment in pickup uranium. Pickup from previous use of the equipment amounted

to 7 grams of 92% U 238 with 8% U 235.

HEALTH HAZARDS - SECOND STAGE

The four passes through the separatiop Process represented a recycls
throughput of 133 millicuries and a product output of 8 millicuries of 4.8
Mev alpha particles from the U 234. Non-selective recovery from the ion
source and linsr Jacket and selective recovery from the collector followed
each separation. Due to the alpha-inhslation hazard associated with
processing U 234 in dry form, the material was handled in such a manner as
to reduce airborne dispersion.

Uranium chlorination was followed by washing the UCl), into a stainless
steel bottle with carbon tetrachloride and outgassing the material in a
vacuum furnace. To;ards the latter part of feed preparation, there is a
transition from wet chemistry to the dry state. Sealing the feed bottle
and charging the source unit are dry operations.

On completion of a run, the mass spectrograph was removed from the
magnet and openings in the liner promptly sealed. The collector unit was
then transferred from the liner Jacket to a plastic glove box for dis-
assembly and removal of the U 234 product pocket, Figure.h. These exposures
were of short duration so that personnel protection was confined to use of

respirators. e
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The carbon U 234 pocket was transferred to a ventilated chemical
hood provided with glove ports where vacuum-scraping techniques were used
for extracting enriched U 23k, Figare 5. Leaching, muffling and purifi-
cation of the extracted uranium.wefe performed in the same location.
Respiratory protective devices were used as a secondary safeguard during
product processing.

Recovery of adherent material from the surfaces of the ion source
and liner involved considerable agitation for an extended period. Conse-
quently, this operation was totally confined in a spray washer until the
dry oxides of uranium were either dissolved in heated nitric acid solution
or at least thoroughly wet down, Figure 6. Subsequent disassembly and
intensive cleaning of unit parts prior to reconstructing the machine were
performed with respirators as the primary safeguard .

Recycle processes, consisting of filtration and evaporation of
approximstely 50 gallons of wash solution, were poerformed in closed systems.
Extraction and precipitation of uranium from concentrated wagh and muffling
of contaminated graphite were carried on in high-air-velocity hoods.

Health physics monitoring techniques included: air sampling in work
areas, respirator filter analyses, and twenty-four-hour urine specimens.
Data on personnel engaged in potentially hazardous activities were corre-
lated with monitoring meseurements to determins exposures corresponding to
individual operations. To date, excretion samples from only the first run
have been analyzed, Appendix D. Results indicate that by enclosure of
contamineted units in acid spray tanks, glove boxes and glove hoods, the
bulk of dry U 23% was contained. However, eXposures were above the per-

missible level for comtinuous plant operation.
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CONCLUSTONS

The potentialities of the electromagnetic process for the separation
of heavy isotopes differing by one unit of mass have been demonstrated in
the concentration of U 234 to better than 944 purity.* The four msthods
used for achieving highly concentrated U 234 included high resolution
separator geometry, multiple stage processing, selective extraction of
Product, and operational techniques which favored enrichment of U 234 with
respect to the heavier isotopes. The overall enhancement of the 96% U 234
sample, the product of the several single stage enhancement factors, is
calculated to be 760 and 57,000 for 234:235 and 234:238 respectively. If
one includes reduction in quality of second stage feed due to dilution with
U 238 and depletion of U 234, one and four mass unit enhancements of initisl
feed are 670 and 5150. Finally, the purest U 234 was enhanced above natural
abundance by factors of 4000 and 1,640,000 with respect to the U 235 and

U 238 constituents.

* Livingston, R. S., and Shipley, E. D., Catalog of Highly Purified Uranium
Isotopes, Y-614, June 1950.
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APPENDIX B: THEORY AND COMPUTATION

U 234 isotopic enrichment is calculated for the case of the two-stage
magnetic separator where initial stage product pi’mides second stage feed.
There are two uranium contaminants o0 be minimized - isotopes 235 and 238
which are separated one and four mass units, respectively, from U 23h.

Given:

Vo + Xo + Jo as U 234,5,8 grams of feed respectively
Vo + Xp + Jp as U 234,5,8 grams of product, first stage
w'p + x'p +y'p as U 234,5,8 grams of product, second stage

By definition:

Enhancement
one mass unit four mass units
W .
p/*p p/¥p
First Stage Nyxy = T = e——
WX wo/x° ¥ wo/yo
V' t w' 1
Second Stage N'yy = "o/~ p N'yy = wp/y P
wP/xI’ p/yp

Then weight per cent U 234, first stage product, is derived in terms of

initial feed and .enhancement factors as:

W.

D Wy _ Vo
¥p + IP + yP W + ¥p + ¥p Vo + i(_)_ + yi
P T Hgy(vwo/xo! Nyy(¥o /0! Nyx Nyy

Likewlse weight per cent U 234, second stage product, is calculated to be:
wl

. = ] V'P w = o J
wi_ +x'_ +5' " d P ) Xo o
P P ‘P v p+ + Wo + 1 + 1
Nrx(Vp /%) Ny (¥p/op) T L T .




Uranium

(grams)

0.213
0.038
0.052
0.085
0.208
0.482
0.765
0.143
0.630
0.497
0.085

3.198

———SEeREp—————— = 38
APPENDIX C: U 234 LOW IEVEL PRODUCTION - FIRST STAGE
U 234 U 235 U 238
(%) (erams/ (%) (grams) (%) (grams)
32..49 0.069 Lo .97 0.092 24 51+ 0.052 -
32.05 0.012 46.80 0.018 21.15 0.008
29.99 0.016 41.28 0.021 28.73 0.015
27.30 0.023 48.39 0.041 24,31 0.021
26 .47 0.055 55 .62 0.116 17.91 0.037
21 .64 0.104 39.32 0.190 39.0k4 0.188
20 .44 0.156 49.74 0.381 29.82 0.228
19.27 0.027 57 .86 0.083 22.87 0.033
18.80 0.118 54,71 0.345 26.49 0.167
12,20 0.061 72.79 = 0.362 15.01 0.0T4
5.9k 0 .005 65.27 0.055 28.79 0.025
20.20 0.646 53.28 1.70k 26 .52 0.848
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